Dot and Northern blot hybridization assays were used to analyze field strains of group A bovine rotaviruses (BRVs) by using nucleic acid probes representing P and G type specificities. The probes were prepared by polymerase chain reaction amplification of hyperdivergent regions of the cloned VP4 (nucleotides 211 to 686) and VP7 (nucleotides 51 to 392) genes from four serotypically distinct (in P or G types) strains of rotaviruses: NCDV (G6, P1), IND (G6, P5), 69M (G8, P10), and Cr (G10, P11 were untypeable. This is the first report of the identification among BRV strains in North America of a G type other than G6 or G10. Our report further confirms that G6, P5 rotaviruses are predominant among the BRV field strains that we examined, and the P ypes of these strains differ from that of the BRV vaccine strain used in the United States (G6, P1). The large number of untypeable G (23.5%) and P (40.8%) types suggests that other or new P and G types exist among BRV field strains.
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Group A bovine rotaviruses (BRVs) are a major cause of enteric disease in young calves (1 to 3 weeks of age) (13, 20, 27) . Affected calves may die as a result of severe dehydration or secondary bacterial infections (27) . No highly effective vaccines for the prevention or control of BRV infections are available in the United States (20, 21) . The serotypic classification of rotaviruses is based on the reactivities of the outer capsid proteins, VP4 and VP7, which determine the P (for protease-susceptible) and G (for glycoprotein) serotypes, respectively (4, 10) . Group A rotaviruses are classified into at least 14 G serotypes and 12 P serotypes (2-4, 10, 25) . The information on the diversity of BRV P and G types in the field is important for the future development and monitoring of effective vaccines, because rotaviruses which possess distinct G and P types may not induce heterotypic cross-protection (9, 20, 27, 29) .
Isolates of at least four G serotypes (Gl, G6, G8, and G10) infect cattle (15, 24) , of which serotypes G6 and G10 (represented by prototype strains NCDV and B223, respectively) have been identified in the United States (15, 29) . Recently, a Gl BRV isolate, T449, was identified in the feces of a calf with diarrhea in Argentina (1) . Others have reported G8 BRV isolates in the United Kingdom (24) . At (16, 25) . It has been suggested that the difference between P types may have contributed to the lack of homotypic (G type-specific) pro-* Corresponding author. tection observed between the G6 strains NCDV (P1) and B641 (P5) (9, 29) . To better understand the epidemiology of BRV infections and to elucidate the antigenic and molecular relationships that exist among BRV strains, sensitive and reliable methods for the characterization of P and G types of BRV are very important.
Nucleic acid probes and the polymerase chain reaction (PCR) have been useful for the detection and serotypic classification of human and animal rotaviruses in clinical specimens (5, 7, 12, (15) (16) (17) (18) 20) . Full-length cDNA probes prepared from rotavirus gene segments coding for VP7 or partial-length PCR probes amplified from hyperdivergent regions of the VP7 gene have been used for the G typing of human (7), bovine (15) , and porcine (18) rotaviruses. Similar methods have been reported for the P typing of human (12) , bovine (16) , and porcine (17) group A rotaviruses.
The objective of the present study was to clone the full-length VP4 and VP7 genes of the BRV strains NCDV, IND (UK-like), and Cr (B223-like) and to generate partiallength PCR probes for the P and G type characterization of 93 and 102 BRV field strains, respectively, from Ohio, Nebraska, Washington State, and Ontario, Canada.
MATERIALS AND METHODS
Viruses and cells. The reference viruses were grown in rhesus monkey kidney (MA-104) cells in roller bottles and titrated by a plaque assay as described previously (22) . The strains and serotypes (P and G) of the reference human and animal rotaviruses used in the present study are listed in Table 1, and their (15) (16) (17) (18) 20) . Ten reference group A BRV laboratory strains were also used as controls and are listed in Table 1 . In addition to the BRV strains described previously (15, 16) (19) were also passaged in gnotobiotic or colostrum-deprived calves as described previously (21) ( Table 1) . Field strains of BRV. Two rotavirus-negative and 102 BRV-positive samples for the hybridization assays were obtained from Ohio (n = 57), Nebraska (n = 27), Washington (n = 3), and Ontario, Canada (n = 15). The majority of the samples were provided as calf diarrhea survey samples (Ohio) (13) or as diagnostic samples from calves with diarrhea (1 to 30 days of age) and were collected between 1988 and 1992. Before testing with nucleic acid probes, all the samples were tested for group A rotaviruses by polyacrylamide gel electrophoresis (PAGE) (18) and at least one or more of the following assays: enzyme-linked immunosorbent assay (ELISA) (13) and immune electron microscopy (13) .
Extraction and electrophoresis of RNA. Rotavirus doublestranded RNA (dsRNA) was extracted from cell culturepropagated viruses or fecal samples from the field by previously described procedures (18) . The dsRNA in extracted samples was analyzed by PAGE to confirm the presence of dsRNA and to examine the genomic electropherotypes as described previously (15) . Electrophoresis was conducted at 12 mA for 14 to 16 h. The dsRNA bands were visualized by silver staining or staining with ethidium bromide (0.5 ,ug/ml; Sigma Chemical Co., St. Louis, Mo.).
Cloning of BRV VP4 and VP7 genes. The oligonucleotide primers used in the present study are listed in Table 2 . The single-stranded RNA (ssRNA) was produced by in vitro transcription of purified viral cores by previously described procedures (6 (23) . Recombinant plasmids were identified by colony blot hybridization with 3 P-labeled PCR probes. The specificities of the clones were confirmed by Northern blot hybridization by previously described procedures (15) .
The full-length VP7 gene of human rotavirus strain 69M (G8) cloned into the plasmid pUC 13 was obtained from Jorge Flores, National Institutes of Health. The recombinant plasmids were used as templates for the production by PCR of partial-length cDNA segments for use as probes in serotyping assays.
PCR amplification and labeling. Partial-length VP7 cDNA (nucleotides 51 to 392) and VP4 cDNA (nucleotides 211 to 686), encompassing areas of major sequence diversity, were prepared by PCR amplification with specific primers (Fig. 1) 2). These primers corresponded to highly conserved regions of the VP4 and VP7 genes and flanked the target "sequencedivergent" regions (Fig. 1) .
The purified PCR products were radiolabeled by using a nick-translation kit (Bethesda Research Laboratories, Gaithersburg, Md.) and [32P]dCTP (specific activity, 650 Ci/mmol; ICN Biomedicals Inc., Irvine, Calif.) as described previously (16) .
Northern and dot blot hybridization assays. The Northern and dot blot hybridization assays were performed by using modifications of previously described procedures (16 (SDS) and two times at the hybridization temperature in 0.4x SSC-0.1% SDS. The washed membranes were rinsed once with water, blotted, and exposed to Kodak XAR films with intensifying screens at -700C for 1 to 7 days.
RESULTS

Cloning of BRV VP4 and VP7 genes. Full-length BRV VP4
genes were amplified from the BRV strains NCDV (P1), IND (PS), and Cr (P11). Figure 2A BRV strain NCDV. The PCR products were purified and cloned into recombinant plasmids for use as templates in subsequent experiments and for further studies. The specificities of the clones were confirmed by dot and Northern blot hybridization assays. Figure 2B shows the ethidium bromide-stained electropherotypes of BRV strains NCDV, B223, and ID (short genome pattern). The dsRNA was electrotransferred onto nylon membranes which were hybridized with the radiolabeled NCDV VP4 clone. The clone was specific and hybridized only with the VP4 gene from the BRV strain NCDV and not with the heterologous P types (B223 [P11] and ID [P5) (Fig. 2C) . Similarly, full-length BRV VP7 genes from strains IND (G6), NCDV (G6), and Cr (G10) were generated by PCR and cloned into the recombinant plasmid pGEM. Under high-stringency conditions, the G6 clones hybridized only with the dsRNA samples obtained from G6 rotaviruses (IND and NCDV) (data not shown). Similarly, the G10 clone (Cr strain) hybridized only with the RNA extracted from G10 samples (B223 and Cr) (data not shown).
Specificities of the partial-length G and P type PCR probes. Dot and Northern blot hybridization assays with the cell culture-passaged rotavirus samples and the BRV VP4 and VP7 cDNA probes showed that the three VP4 (P1, P5, and P11) and the three VP7 (G6, G8, and G10) cDNA probes did not hybridize with other group A rotaviruses, including the human, porcine, and simian strains, with different G and P specificities. Furthermore, none of the probes showed any reaction with other rotavirus serogroups (groups B and C) (data not shown).
Characterization of the G and P types of the BRV field strains. Rotavirus dsRNA was extracted from the samples obtained from the field. The dsRNA was heat denatured and tested by dot blot hybridization assays. All of the 102 rotavirus-positive and 2 rotavirus-negative samples were tested by dot blot hybridization by using the three G typespecific partial-length cDNA probes. For P typing, 93 rotavirus-positive and 2 rotavirus-negative samples were tested.
The results of the G typing of the 102 BRV field samples and the 10 reference BRV strains by using the partial-length PCR-generated cDNA probes are presented in Table 3 . The 24 PAGE-positive field samples were untypeable because they failed to hybridize with any of the three G type-specific probes. For P typing, a total of 93 BRV field samples and the 10 reference BRV strains were examined, and the results of the P typing assays are presented in Table 4 . The 38 PAGE-positive field samples were considered untypeable because they tested negative with all three P type probes.
The G and P typing results were compared to investigate the various combinations of G and P types that occurred in the field specimens tested. The most frequently detected combination of G and P types in the samples that we examined was G6, P5 (n = 14). Other P type combinations with G6 were G6, P1 (n = 2) and G6, P11 (n = 4). There were no P1, P5, or P11 types detected among the three type G8 field samples. For the G10 strains, the combinations were G10, P5 (n = 2) and G10, P11 (n = 4), but there were no G10, P1 strains.
DISCUSSION
In the present study, we cloned full-length VP4 and VP7 genes from three serotypically distinct (in P or G types) strains of rotaviruses: NCDV (G6, P1), IND (G6, P5), and Cr (G10, P11). The cloned BRV VP4 and VP7 genes were used as templates in PCR to generate partial-length cDNA segments representing serotype-specific regions of the genes. Similarly, a human rotavirus (69M) G8 cDNA partial-length probe was also prepared from the recombinant plasmid made available for the present study. These partial-length segments were radiolabeled and used to characterize field strains of group A bovine rotaviruses.
The serotypic classification of BRV has also been defined on the basis of VP7 specificities by ELISA with VP7-specific MAbs (20, 24) . The neutralization specificities of rotavirus, however, are also dependent on VP4, and the VP4 gene segregates independently from the VP7 gene (4) . It has therefore been proposed that serotypic classification of rotaviruses should account for both VP4 (P) and VP7 (G) specificities (4, 10, 25) . Previous investigators have reported that it is difficult to prepare VP4-specific MAbs (26) . Therefore, at least for P typing, cDNA probes offer great promise. In addition, the cDNA probes have the potential to detect genomic variants or monotypes not detectable by MAbs (5 Comparison of the G and P typing results further confirms that the field strains with the G and P combination G6, P5 were detected most frequently (n = 14) among the BRV field strains examined. Therefore, a BRV strain with the G6, P5 combination may be a better vaccine candidate strain than the BRV vaccine strain used in the United States (G6, P1).
Investigators have observed a lack of cross-protection between the two BRV G6 strains B641 (G6, P5) and NCDV (G6, P1) (29) . Because the P types of these strains are distinct, it has been suggested that differences in P types may be a contributing factor to this lack of cross-protection (9) . In the present study, we identified at least three isolates that tested positive with the G8 cDNA probe. Snodgrass et al. (24) demonstrated that the two bovine strains J2538 and 678 from the United Kingdom belong to G8. Interestingly, Ohshima et al. (14) reported a moderate level of homology between the human G8 strain 69M and some bovine rotavirus strains. To our knowledge, ours is the first report of G8 rotaviruses identified among cattle in North America. There are at least three possibilities that may explain the occurrence of human G types (Gl and G8) (1, 24) in the bovine population. First, they may be the result of direct transmission between animals and humans. Second, the human strains may have evolved ancestrally from animal strains, and lastly, there may be natural reassortants between human and animal strains.
The large number of untypeable BRV field samples (G untypeables, 23.5%; P untypeables, 40.8%) remains a major area of concern (Tables 3 and 4 ). These samples previously tested positive by ELISA and PAGE. Since it is possible that any combination of P and G types may occur in nature, the untypeable samples may represent other existing or new G or P types. These G or P types may escape classification if there are no suitable diagnostic reagents available. These samples may also be classified as untypeable because they were tested only with cDNA probes representing the G and/or P types traditionally associated with the bovine population. In future studies, the samples that tested negative with the BRV G type (G6, G8, and G10) and P type (P1, P5, and P11) cDNA probes will be retested with human and other animal G and P type cDNA probes that are not commonly associated with the bovine population.
